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CELESTIAL EDDIES. 

T PROPOSE in the present paper to discuss the ques- 
-*■ tion whether the long-exposure photographs of Dr. 
Roberts and others, justify or negative the view, founded 
upon a large mass of spectroscopic evidence, which I put 
forward in 1887, before any of them had been published. 

The view in question was thus stated : 1 “ The brighter 
lines in spiral nebulas, and in those in which a rotation 
has been set up, are in all probability due to streams of 
meteorites, with irregular motions out of the main streams 
in which the collisions would be almost???'/.” 

I was careful to state that Prof. G. Darwin, when dis¬ 
cussing the gaseous hypothesis of Laplace, had already 
pointed out that “ the great mass of the gas is non- 
luminous, the luminosity being an evidence of condensa¬ 
tion along lines of low velocity, according to a well-known 
hydrodynamical law. From this point of view the 
small nebula may be regarded as a luminous diagram 
of its own stream-lines.” 3 

At the time I wrote in 1887, the nebula in Andromeda 
was not considered to be a spiral nebula. The most 
striking representation of it was due to Bond, who drew 
special attention to two black streaks running nearly 
parallel to the longer diameter. 

It may also be added that in 1887 we knew nothing for 
certain about its spectrum. 

In 1888, Dr. Isaac Roberts published his most admir¬ 
able long-exposure photographs, which at once established 
the spiral nature of the nebula ; and in the same year 
the complete discussion of the spectroscopic observations 
made up to that time led me to predict that if the nebula; 
were carefully observed we should find in them, sooner or 
later, indications of the substance which makes the comet 
spectrum so very distinct and special. In 1889, that is 
in the next year, the spectrum of carbon was discovered 
by Mr. Fowler and Mr. Taylor in the nebula of Andro¬ 
meda-. 

I will take the photograph first. The plane of move 
ment in the spiral system is so situated that from our 
point of space we look at it obliquely ; hence the nebula 
appears very elliptic. Still there is no difficulty in seeing 
that the various streams round the centre of conden¬ 
sation are all of them of a spiral form, with certain 
condensations interspersed here and there along them. 

We have a condensation in the prolongation of one of 
the spirals, and there is considerable clustering of apparent 
stars along the stream lines. It is important to indicate 
that we have in these appearances, not signs which tell us 
of the existence of matter merely—so that when we have 
not the appearances we would be justified in supposing that 
there was no matter—but an indication of movement in 
matter, so that we may imagine that this nebula and 
others like it do probably consist of something extending 
enormously in space beyond the indications which we see, 
for the reason that near the centre the movements are 
more violent than they are towards the outside. We are 
there face to face with the idea that we have to deal with 
orderly movements. If the movements are orderly, it 
means that the movements of the constituent particles of 
the swarm, all of them, or most of them, will be in the i 
same direction ; in that case we have the condition of 
minimum disturbance, and therefore the condition of 
minimum temperature. 

In short, not only have we regular spirals, but in addi¬ 
tion to the spiral system there seems to be revealed j 
irregular masses of nebula near both ends of the major i 
axis. Where more than one stream seems to be con¬ 
tending, the brilliancy is enhanced, and much irregular 
luminosity is apparent. On the other hand, in the part 
of the main nebula most free from these irregularities 
the spirals are almost invisible. 

1 P.R.S., November 17, 1887, p. 153. j 

2 Nature, vol. xxxi. p. 25. 
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Next for the spectroscopic observations. 

The chief argument urged in favour of the gaseous 
nature of the nebulte now is the existence of hydrogen 
and helium in the planetary nebulae and in such a nebula 
as that of Orion ; the unknown form of nitrogen has no 
longer any votaries. 

But if the spiral nebulae be gaseous, why do they not 
give us the spectra of hydrogen and helium ? The 
i 1 spectrum of the nebula of Andromeda is practically the 
spectrum of a comet, and therefore we are justified in 
considering it as built up of cometary materials. Now 
j these, as is generally conceded, are meteoritic in their 
nature. 

But this is not all the evidence bearing upon this 
question, even so far as regards the nebula we are now 
discussing. Not many years ago a new star was observed 



Fig. 1.—Nebula of Andromeda, 1887. 


in the nebula, and the difference between the spectra of 
the new star and of the nebula itself was merely the 
addition of the lines of hydrogen ! On the meteoritic 
hypothesis this is easily explained by an increased number 
of collisions lasting for a time : on the gaseous hypothesis 
an explanation is not so easy. 

If it be granted that we are really dealing with 
streams of meteorites, all the new phenomena revealed 
to us by Dr. Roberts’ photographs receive a simple and 
sufficient explanation, especially the apparent condensa¬ 
tions here and there, which are not condensations of 
matter necessarily but loci of greater disturbances caused 
by crossing streams. 
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The next considerable revelation was obtained from 
the photograph, taken in 1889, of the spiral lebula—long 
recognised as such—in Canes Venatici, certainly one 
of the most wonderful spiral nebulae in the heavens. It is 
all the more striking because this is a nebula which we | 


imagine ourselves dealing there with a mass of pure gas, 
whether it is hydrogen or nitrogen or ammonia—that is, 
a combination of both—or any other, it would be ex¬ 
tremely difficult to see why there should be any change 
of temperature in different parts of that mass ; but the 



Fig. 2. —Spectrum of the nebula in Andromeda compared with Nova Andromedm and comet. The flutings common to all are those of carbon. 


look down upon ; we see it in plan ; we are, so to speak, I 
at the pole of the system, so that it is not foreshortened, j 
There is no question about the wonderful spirals being 
connected with the central condensation and stretching 



Fig. 3.— 'The spiral nebula in Canes Venatici, from a photograph by 
Dr. Robert s, 1889 


towards it. I call attention to the points of conden¬ 
sation along one of the spiral branches, and where 
we get the possible intrusion of two spirals one on the 
•other we see a confused mass of light. Now, if we 
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moment we assume that we are dealing with cool 
materials—meteoritic dust—we see that such a picture as 
this is important, for the reason not that it shows us what 
is there, but because it shows us what is going on there, 
as already pointed out in relation to the nebula of Andro¬ 
meda. The bright spots do not represent the presence 
of matter merely, and the dark ones its absence ; but 
the hrighter portions represent the intersection of stream 
lines where collision is possible—the intervals those 
regions where collisions are less likely. We can gather 
from the very configuration of this system that if all the 
dust, or meteorites, or conglomerations of particles, what¬ 
ever they may be, are going the same way, there will be 
a condition in which we shall get a minimum of collisions, 
and therefore a minimum of temperature. . If the move¬ 
ments are quite orderly and in the same direction, we 
must not expect to get any very great disturbance, and 
therefore—if these disturbances produce high tempera¬ 
tures—we shall not expect to get indications of any 
particularly high temperatures. 

The important point is that here we get apparent stars 
arranged along the spirals. 

Dr. Roberts writes as follows :— 

“ The photograph shows both nuclei of the nebula to 
be stellar, surrounded by dense nebulosity, and the con¬ 
volutions of the spirals in this as. in other spiral nebula; 
are broken up into star-like condensations with nebu¬ 
losity around them. Those stars which do not conform 
to the trends of the spirals, have nebulous trails attached 
to them.” 1 

Strikingly similar to the above is the photograph of 
M 74 Piscium taken by Dr. Roberts in December 1893 ; 
and here again 1 is also a question of apparent stars. 

“ The photograph shows, the nebula to.be a very per¬ 
fect spiral, wi,th a central stellar. nucleus and a 15 mag. 
star close to it on the south side. The convolutions of 
the spiral are studded with many stars and star-like con¬ 
densations, and on the north preceding side there is a 
partial inversion of one of the convolutions, which con¬ 
veys Tie idea of some irregular disturbing cause having 
interfered with the regular formation of a part of that 
convolution.” 2 

In Messier lot Ursa; Majoris, which was photographed 
in May 1892, we have another case in wliich the con¬ 
volutions are broken up into star-like condensations. 3 

1 Roberts’ photographs, p. 85. 1 M. At, vol liv. p. 438 

3 Roberts’ photographs, p. 89. 
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I wish to point Out that from the centre of .he conden¬ 
sation the luminosity gradually gets less and less until at 
last we have no luminosity greater than that of the sur¬ 
rounding sky. In the nebula itself we find exquisite 
spirals, starting apparently from different points, and 



Fig. 4.—Messier 74 Piscium. 1893. 


gradually coming towards the centre, and if we look along 
these spirals we see that the star-like masses, which may 
not be stars, are in many cases located on the spirals, 
representing apparently minor condensations, each itself 


% 



Fig. 5. —Spiral nebula, Messier 101 Ursae Majoris. 


being probably brighter than the other parts because it 
is more disturbed. 

So much, then, for the autobiographical records we 
now possess of some of the most perfect spiral nebuhe 
in the heavens. 


We see that they all resemble perfect eddies in appear¬ 
ance ; the question arises, are they perfect eddies in fact ? 
On the meteoritic hypothesis they may well be so, for if 
moving streams of meteorites encounter resistance to 
their motion due to disturbances by other masses, the 
sheets of meteorites are bound to behave like sheets of 
water; in any case, the omts probandi lies with those 
who hold the contrary view. But in these celestial 
maelstroms there are bound to be smaller eddies ; and,, 
if Swift had had the opportunity of studying Dr. Roberts’ 
photographs, a more grandiose image might have re¬ 
placed that in his well-known lines— 

“ So naturalists observe, a flea 

Has Smaller fleas that on him prey, 

And these have smaller still to bite ’er 
And so proceed ad infinitum." 

The question is well worth asking, not only to enable js 
;o explain the photographic and spectroscopic phenomena, 
but also because we seem to be in presence of forces 
which must ultimately result in a true star with rotatioti, 
a concomitant of star life which is not easy to explain, 



Fig; 6.—M 33 Trianguli. 


and which Lord Kelvin has shown would certainly not be 
prouuced by collisions of two finished cosmical bodies. 1 

There is another spiral nebula, however, which may 
carry us a little further along the same line. 

In M 33 Trianguli we have something apparently 
different from those that have preceded; so much so, that 
Dr. Roberts, who till quite recently has remained silent 
with regard to the physical origin of the more regular 
spirals, has suggested that we may here be in presence of 
meteoritic collisions. 2 He writes :— 

“ It will be observed that there are two large, very 
prominent spiral arms, with their respective external 
curvatures facing north and south, and that the curves 
are approximately symmetrical from their extremities to 
their point of junction at the centre of revolution, where 
there is a nebulous star of about tenth magnitude with 
dense nebulosity surrounding it, and elongated in north 
and south directions. Involved in this nebulosity are 
three bright stars and several faint nebulous stars ; the 
two arms also are crowded with well-defined stars and 
faint nebulous stars with nebulosity between them ; and 

l Proc. R.T.) xii. p. 15. - M. A 7 ., vol. Ivi. p. 70. 
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it is to the combined effect of these that the defined forms 
of the arms are due. Besides these twc arms there are 
subsidiary arms, less well defined, and likewise trending 
towards the centre of revolution, and are constituted of 
interrupted streams of faint stars and nebulosity inter¬ 
mingled together; many of the stars are nebulous, and 
many are well defined but small. The interspaces 
between the convolutions are- more or less filled with 
faint nebulosity, having curves, rifts, fields,-and lanes, 
without apparent nebulosity in them. They are like the 
interspaces in clouds of smoke, and cannot be classified. 

“ There are outliers of nebulosity with many small well- 
defined and nebulous stars involved in them, and there 
are also isolated nebulous stars on the extreme boundaries 
of the nebula ; but the evidence is strong that they are 
all related to the nebula. 

“ It is by the study of the photographs, and not by 
descriptive matter, that we can form a true conception of 
the character of this nebula ; from which we shall be 
justified, even now, in drawing some inferences as to its 
formation and further developments. To this end I may 
be permitted to suggest the following. 



Fig. 7.—H 84 Comae. 


“ We know, with a reasonable amount of certainty, 
that both nebulous and meteoric matters exist in space ; 
and we also have some evidence that bodies in space 
have come into collision. 

“ From these premises we may infer that this nebula is 
the result of a collision of some kind ; and we can 
imagine collisions of at least three kinds possible; namely, 
(1) between two stars, (2) between two nebulae, (3) be¬ 
tween two swarms of meteorites. 

“ In the case of this nebula, which (if any) of the three 
possibilities mentioned seems to us the one most probable 
to have happened ? Much might be said in favour of 
each of these suggestions, but I shall not at present 
enter into details, though I think we could readily imagine 
that the collision of two swarms of meteorites, moving in 
opposite directions, one from the south following and the 
other from the north preceding, would account for the 
spiral appearance, the rotatory motion, and the smashed 
and scattered state in which the nebula is shown to us 
upon the photographs.” 1 

1 M. A 7 "., vol. Ivi. p. 70. 
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{ It is worth while to point out, in connection with the 
I argument in favour of the meteoritic nature of spiral 
j nebulae, that there are other nebulae representing streams 
| in space to which it seems almost impossible to attribute 
a purely gaseous origin. 

This branch of work is so young, that there has not 
yet been time to bring a crucial test to bear on these 
“ stellar condensations ” to which reference has been 
made. If they could be shown to be short-period variables , 
then their true stellar nature would be at once negatived. 

We have already in two instances obtained im¬ 
portant evidence on this point. In 1889, Dr. Roberts 
was good enough to allow me to enlarge a photograph of 
the nebula of Orion, on which there bad been a double 
exposure. I pointed opt to Dr. Roberts that the vari¬ 
ability in some of the stars was suggested. Although 
the exposure was a double one, some of the images were 
single and there were inversions in the intensities of the 
double images. Dr. Roberts made a minute examination 
with the following results : 1 

“ On examination of the dual stellar images on the 
photograph the eye immediately detects that ten of them 
have undergone considerable change in brightness or 



Fig. 8.—Nebula near 52 (£) Cygni. 


magnitude during the interval of five days which elapsed 
between the two exposures. In three of the ten stars, 
the brightness has increased to the extent of from one- 
fourth to one-third the measured diameter of the stellar 
photo-image, and one star appears on the second ex¬ 
posure where none is shown on the first exposure. Six 
of the ten stars have diminished in brightness during 
the interval to the extent of from one-fourth to four- 
tenths, the measured diameter of the photo-image.” . . . 

“ I have with due care examined the film of the 
negative under the microscope in order to see if any 
defect or evidence of defective sensibility on parts of the 
film could be traced so as to account for the variability in 
the brightness of the stellar images, but I could not find 
any such evidence, and I would of course have repeated 
the photographic experiment if the state of the sky at 
any time during the past twelve months had permitted. 
Those who possess the necessary telescopic power may 
study by eye observations the variability' in these stars, 
and it is one of the functions of the photographic method 
to point out where eye observations can with advantage 
1 M. A\, vol. I, p. 316. 
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be applied in search for special knowledge, and these ten 
stars are now indicated for that purpose.” 

The next cases are those afforded by the variability of 
stars in some globular star-clusters recently photographed 
at Arequipa with the 13-inch Boyden telescope. An 
extraordinary number of variable stars was discovered. 
The Harvard Circular , No. 2, 1 states :— 

“ At least eighty-seven of the stars in the cluster M 3 
(N.G.C. 5272), in Canes Venatici, have been found to be 
variable, and in some cases the change of light amounts 
to two magnitudes or more. In the cluster M 5 (N.G.C. 
5904), forty-six variables were found, out of 750 stars ex¬ 
amined, so that they form about 6 per cent, of the whole ; 
of the sixteen stars, contained in a circle 110" in diameter, 
six are variable. Smaller numbers of variables have been 
found in other clusters, but in other cases not a single 
variable has been detected out of the hundreds of stars 
which have been photographed ; the conditions of the 
search, however, not taking account of long period 
changes. In general, no variables have been found within 
about one minute from the centres of the clusters, on 
account of the closeness of the stars, and none are more 
than ten minutes distant from the centres. Some of the 
newly-discovered variables have :short periods, in some 
cases of only a few hours. Thus, five photographs of 
N.G.C. 5904, taken at intervals of an hour on July 1, 1895, 
give for the magnitude of a star about three minutes of arc 
preceding the centre of the cluster, 143, 13'5, 13*8, 13-9, 
and i4'3 ; four plates, taken at similar intervals on 
August 9, gave the magnitudes 14-2, 14-6, 14-8, and 15-0.” 

A special investigation has 1 since been made of the 
variables forming part of the cluster M 5 Serpentis, 
N.G.C. 5904 [Ast. Nach., 3354). Forty-five photo¬ 
graphs of this cluster have been measured by Miss 
Leland, and the measures include the greater portion of 
the forty-six variables previously discovered. The 
periods of these variables are in general very short, not 
exceeding a few hours. One of these, designated No. 
18, which follows the centre of the cluster about 6' and 
is south 5', has a probable period of nh. 7m. 52s., or 


4638 days 
triable are 

The coordinates of the light 
as follows :— 

curve of this 

Days. 

Mag. 

Days. 

Mag. 

O’OO 

i 3 ' 5 ° 

0*25 

14-73 

0*05 

13-87 

0*30 

13-73 

0*10 

I 4-35 

0-35 

14-72 

0*15 

14-70 

0-40 

14-65 

0*20 

14-72 

0-45 

13-56 


It thus appears that the star remains about minimum 
brightness during half the period, while the maximum 
luminosity is of relatively short duration ; the decrease 
in light is rapid, but the rate of increase is still more 
rapid, as it should be. The succession of changes does 
not seem to correspond with those of any previously 
known class of variable stars. 2 

Now, since the presence of real nebulous material in 
some star clusters is accepted by many authorities, there 
seems ground for ascribing the phenomena in the nebula 
of Orion and in the star clusters to the same cause, and 
in attributing them to mere star-like appearances due to 
collisions. A variability of the kind described extending 
over a few hours or a few days is to me unthinkable in a 
“ star,” properly so-called, that is, a body like our sun, 
and I have no hesitation in expressing my firm conviction 
that such variability can only be simply and sufficiently 
explained by the cause assigned for it by the meteoritic 
hypothesis—a clashing together of streams of meteorites. 

If the evidence that the apparent stars are really denser 
and more disturbed meteoritic swarms is accepted, the 
view that the nebulae are gaseous must fall to the g round, 
because the denser material of the “ stars ” must be the 

1 Nature, November 28, 1895. 2 Ibid., June 4, 1896. 
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same as that which was least dense, that is, sparse in the 
first instance. 

I am glad, finally, to be able to state that Dr. Roberts, 
to whose continuous activity and marvellous skill the world 
of science is so much indebted, in a paper read at the 
meeting of the British Association at Liverpool this year, 
stated his opinion that the origin of the various star- 
like condensations in the spiral nebulae is “ more probably” 
meteoritic than gaseous in its origin. The line of argu¬ 
ment which has led him to this conclusion will be 
gathered from the following brief analysis of his com¬ 
munication :— 

He draws attention to the remarkable groups, curves 
and lines of stars that are clearly shown upon a photo¬ 
graph of the sky in the constellation Auriga, which was 
taken with an exposure of the plate during ninety 
minutes. Some of them are constituted of bright stars of 
nearly equal mignitude ; some are of faint stars, also of 
nearly equal magnitude ; some are of both bright and 
faint stars, and there is much regularity in the spacing 
distance between the stars in the several groups. These 
appearances are persistently found upon all photographs 
taken with long exposures of the plates in any pare of 
the sky where the stars are numerous such as Cassiopeia 
and Argo. 

“What explanation,” he asks, “can be offered to 
account for the grouping of the stars other than the 
assertion that they were from the beginning so placed ?” 
He then brings forward the evidence furnished by the 
spiral nebulas similar to that I have given above, and 
which I brought together more than a year ago 

He then goes on : 

“I would submit that the evidence, part of which has 
now been laid before us, is reasonably conclusive that 
some, if not many,- of the stars which we see in curves 
and in .groups strewn over the sky. have been formed in 
the manner which I have pointed out. There are, besides 
this, other methods of stellar evolution pointed out on 
other photographs, such as condensations into stars of 
nebulae, which have not, at present, symmetrical struc¬ 
tures and of globular and annular nebulae. . . . 

“ The question will naturally present itself to us : If it 
be true that stars are evolved from spiral and other forms 
of nebulosity, whence came the nebulous matter? We 
can answer'with confidence that it exists very largely and 
over extensive areas in many parts of the sky ; and that 
it exists there in the form of gas, or, more probably as 
Prof. Norman Lockyer urges in his ‘Meteoritic Hypo¬ 
thesis.’ of meteors or meteoric dust.” 

Dr. Roberts’ reference to my work is very encouraging, 
since there are few workers in science whose researches 
have so close a bearing on the views I have put forward. 
For my own part I feel that the totality of the observa¬ 
tions above recorded is all highly suggestive of meteoritic 
action, and I can only in conclusion express my belief 
that before very long as striking evidence of variability 
will be found in the stars in the spiral nebulae, as the 
Harvard observers have obtained from the globular 
star clusters. J. Norman Lockyer. 


THE THEORY OF SOLUTIONS. 

S some recent viva voce remarks of mine have re¬ 
ceived an interpretation more wide than I intended, 
I shall be glad to be allowed to explain that when (now 
several years ago) I became acquainted with the work of 
van t’ Hoff I was soon convinced of the great importance 
of the advances due to him and his followers. The sub¬ 
ject has been prejudiced by a good deal of careless 
phraseology, and this is probably the reason why some 
distinguished physicists and chemists have refused their 
adhesion. It must be admitted, further, that the argu¬ 
ments of van t’ Hoff are often insufficiently set out, and 
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